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Gaseous biofuels including biomethane, which has been shown to be more environmentally beneficial than 
liquid biofuels, should contribute to meeting the challenging UK targets set for supplying biofuels to the road 
transport fuel market. It is demonstrated that biomethane from source segregated municipal food waste can 
be produced at a cost which is competitive with liquid biofuels and fossil fuels within the UK, providing that 
the Renewable Transport Fuel Obligation delivers an adequate financial incentive (i.e. double Renewable 
Transport Fuel Certificates at full buy out value). With this incentive the manufacture and sale of biomethane 
as a transport fuel is also financially competitive with Combined Heat and Power. One limiting factor to 
widespread uptake of biomethane as a transport fuel may be the additional cost of purchasing and 
maintaining biomethane fuelled vehicles. Support in this area could lead to the rapid expansion of 
biomethane transport fuel infrastructure and bring significant long term environmental and economic 
advantages. 
 
Key Words  





Climate change, energy security and the increasing costs of oil have added a greater impetus to the 
development of viable alternatives to petroleum based transport fuels.  The Biofuels Directive 
(2003/30/EC) set out a regime for promoting the use of biofuels, or other renewable fuels, to replace 
diesel or petrol within EU Member States. In response to the primary conclusions of the Gallagher 
Review of the indirect effects of Biofuel production (Gallagher, 2008) the UK Government has 
issued revised targets for Biofuel uptake of 3.25% in 2009/10, 3.5% 2010/11, 4% in 2011/12 and 
5% in 2013/14 (UK Government, 2009) and is currently consulting on how to incorporate the 
requirements of the Renewable Energy Directive (RED) (European Parliament, 2009a) and Fuel 
Quality Directive(FQD) (European Parliament, 2009b). 
 
To date the focus in the UK has been on the import and production of bio-ethanol and biodiesel. 
Previous studies have shown that biomethane delivers greater environmental benefits than either 
biodiesel or first generation bioethanol (Patterson et al., 2008; Murphy and Power, 2009; Smyth et 
al., 2009). However, the requirement to upgrade the biogas to biomethane, compression of the gas 
for storage and transport, and the lack of refuelling infrastructure were considered to be significant 
barriers to the deployment of biogas based vehicle fuels in the UK. This study aims to assess the 
economic performance of current biogas upgrading technologies. The economic viability of 
upgrading biogas for direct use as a transport fuel is assessed, in particular the impact of the current 
and future subsidy regime. 
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Economic Assessment of Upgrading Technologies 
Existing upgrading technologies include Pressure Swing Adsorption (PSA), water scrubbing, 
chemical (amine) scrubbing, physical absorption, low pressure membrane separation and cryogenic 
distillation. A review of the literature has identified the following cost data relating to plants with an 
output of between 200 – 300 m3 / hr biomethane (Table 1). This demonstrates that costs for widely 
used technologies such as PSA and water scrubbing can vary by up to 100% and that there is a lack 
of data relating to the costs associated with less widely used technologies. Lowest maintenance 
costs, reported for plants with 1,000 m3/hr raw biogas capacity, are associated with water scrubbing 
and membrane separation. 
 
Table 1. Cost estimates of upgrading biogas to biomethane from studies undertaken 2007 – 2009 
 Cost per m
3




















/hr raw biogas 
capacity 
PSA 0.26  
0.11 – 0.16 
 
0.11 – 0.22 
- 94 56,000 
Water 
Scrubbing 




- - 91 59,000 
Physical 
Absorption 
- - - - 96 39,000 
Membrane 
(Low Pres.) 
0.22 - - - 98 25,000 
Cryogenic 0.40 - - - -  
a Calculated from reported Capital and Operational costs of the Falköping upgrading plant assuming 5% interest rate and 10 year 
depreciation period using the method described in (de Hullu et al., 2008). 
 
In order to assess the economic potential of biogas upgrading in the UK it is necessary to also 
consider the cost of raw biogas production, in addition to the upgrading process. Given the current 
expansion of AD in the UK for the treatment of source segregated municipal food wastes (SSFW), 
this feedstock will be considered. A previous assessment of the use of biogas as a transport fuel 
(NSCA, 2006) used data from Sweden to arrive at a raw biogas production price of £0.11 – £0.18 / 
m3 (€0.13 – €0.22 / m3). Consideration of a 35,000 t SSFW / yr capacity facility under current UK 
market conditions suggests that this figure is likely to be an underestimate with a more realistic 
value being £0.20 - £0.25 / m3 (€0.24 – €0.30 / m3).  Adding an upgrading cost of €0.18 / m3 (based 
on Table 1) and a further compression cost of €0.08 / m3 (NSCA, 2006), a total cost for the 
production of upgraded biomethane is estimated as €0.5 – €0.56 / m3 (£0.41 – £0.46 / m3). This 
represents a basic production cost and does not allow for additional distribution costs or profits. 
 
The average cost of low sulphur diesel in the UK is currently (March 2010) £1.16 / litre (€1.39 / l). 
Excluding VAT (17.5%) and fuel duty (£0.56 / €0.67 / l) leaves a basic retail price for diesel of 
£0.45 / €0.54 / l). This includes the costs required to transport and retail the fuel at the forecourt as 
well as the profit margins of the retail and oil companies. As 1 litre of diesel is approximately 
energetically equivalent to 1 m3 of upgraded biogas it is likely that upgraded biogas is not yet 
competitive with petroleum fuels in an undistorted market. There are however a number of financial 




Fuel Duty Differential. Historically, the primary incentive for the production of biofuels in the UK 
has been a reduction in fuel duty (tax) compared with that levied on diesel or unleaded petrol, the so 
called ‘duty differential’. For liquid biofuels (biodiesel and bioethanol) a £0.2 / litre duty 
differential was withdrawn in 2010, at which point the Renewable Transport Fuel Obligation (UK 
Government, 2007) (discussed below) is the only mechanism incentivising liquid biofuel 
production in the UK. A duty differential equivalent to £0.4 / l has been applied to the production of 
biomethane (and CNG) as a transport fuel and this will remain in place until April 2012 (Her 
Majesty's Revenue and Customs, 2007). 
 
Renewable Transport Fuel Obligation. The Renewable Transport Fuel Obligation (RTFO) requires 
transport fuel suppliers to increase the proportion of bio-fuels supplied to the market in line with the 
targets presented in the introduction of this study, and offers tradable Renewable Transport 
Obligation Certificates (RTFCs) to demonstrate compliance. RTFCs issued to a company can be 
‘banked’ for future use or sale, although only 25% of a company’s RTFO annual target can be met 
by using its own banked certificates. Companies which do not meet the targets for the proportion of 
biofuel supplied to the market can buy RTFCs at a market rate from companies that have exceeded 
their target, and therefore achieve compliance in this way. In the event that all fuel companies meet 
their RTFO targets, the RTFCs will in effect have no value. Conversely, if companies do not meet 
the required targets RTFC’s will acquire value through trade on an open market, and the greater the 
shortfall the greater the demand and value. 
  
The UK Government has included a third option in which companies can meet their RTFO 
obligations. A fixed ‘buy-out’ price for each unit of shortfall between the target and the actual 
volume supplied to the market has been set, and companies can opt to pay this ‘buy out’ fee rather 
than either supplying biofuels to the market or purchasing RTFCs. The funds collected through the 
Buy Out fees are then redistributed to those redeeming or surrendering RTFC’s, therefore providing 
a financial incentive for producing biofuels. However, the Buy Out fee also has the effect of 
limiting the maximum value of an RTFC to the value of the ‘buy-out’ fee. Whilst the Chancellor 
has guaranteed that the total incentive for 2010/11 will be at least £0.30 / litre (most or all of which 
will be based on the Buy Out value), this is the maximum attainable value of RTFCs in an open 
market and their actual value, and therefore the financial incentive, could be much lower. 
 
For example, in 2008/2009 the RTFO target of 2.5% biofuels reaching the market place was fully 
met. This created a situation where there was oversupply of biofuels in the UK market place and 
production therefore slowed down. In addition, sufficient RTFCs had been issued not only to meet 
the 2008/09 target, but also to meet the maximum 25% bankable allowance for the following 
financial year of 2009/10 (Renewable Energy Agency, 2009). There was therefore limited market 
demand to purchase excess RTFCs, and, as production targets had been exceeded, no central Buy 
Out fund could accumulate. RTFCs issued were in effect worthless on an open market. 
 
The Future of the RTFO. Beyond 2011 the RTFO in the UK will evolve further as the requirements 
of the Renewable Energy Directive (RED) and the Fuel Quality Directive (FQD) are incorporated 
into the RTFO framework. In order to achieve these requirements the future RTFO is likely to 
reward biofuels according to the carbon savings that they bring based on a minimum threshold 
approach where biofuels that do not meet a minimum greenhouse gas emission standard are not 
rewarded, whilst all biofuels that meet or exceed this threshold are rewarded equally. 
 
Of particular significance to this study is Article 21 of the Renewable Energy Directive (European 
Parliament, 2009a) which states that biofuels produced from waste, residues, non-food cellulosic 
materials and ligno-cellulosic materials count twice towards GHG saving targets. In its current 
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consultation on RED / RTFO the UK government has stated that such fuels will receive double 




Economic Viability of Upgrading Biogas for Direct Use as Vehicle Fuel in the UK 
The viability of widespread adoption of biomethane for direct use as a transport fuel is dependent 
upon it being financially competitive with other non fossil fuels. This includes biodiesel and 
bioethanol, but potentially more relevant is the comparison with the most widely available gaseous 
fuel: Compressed Natural Gas (CNG). 
 
An assessment of the current production costs (as previously described), duty rates (including the 
biomethane duty differential in force until 2012) and maximum RTFO buy out values suggests that 
when compared on an energetic basis (Figure 1) biomethane is more economically viable than 
diesel, biodiesel or bioethanol. Recent increases in natural gas costs (reflected in the large 
difference between CNG(2008) and CNG(2007)) also result in biomethane produced from waste 
(with waste attracting a gate fee of £40/t) being as competitive as CNG. The difference in 
production costs between liquid and gaseous fuels is more marked when considered on an energetic 
rather than mass or volumetric basis. 
 
Any reduction in the value of RTFCs from the maximum (as limited by the Buy Out fee) would 
significantly decrease the ability of biomethane to compete with CNG. If the aim of government 
policy is to encourage the use of biomethane as a transport fuel these results suggest that the RTFO 




Pre-Tax Diesel price (Bolton, 2009), Biodiesel and Bioethanol production costs (Kroes, 2007), 
Natural gas price based on Heren NBP Index value in (BP, 2009), UK Duty Rates (Her 
Majesty's Revenue and Customs, 2007) 
 
Figure 1. 2010/11 Fuel Production Cost Estimate (Aggregated Pre Tax Production Costs, Fuel Duty Rates, and 





Post 2012 the duty differential for biomethane (and CNG) may no longer apply and the RTFO, 
incorporating RED and FQD requirements, will be the primary means of incentivising these fuels. 
As previously discussed fuels derived from waste (e.g. biomethane) are likely to attract double 
environmental credit and the financial comparisons shown in Figure 2 therefore assume that these 
fuels (i.e. biomethane) will therefore attract double the financial incentive. 
 
 
Pre-Tax Diesel price (Bolton, 2009), Biodiesel and Bioethanol production costs (Kroes, 2007), 
Natural gas price based on Heren NBP Index value in (BP, 2009) 
 
Figure 2. Post 2012 Production Cost comparison of vehicle fuels (No Duty Differential, Maximum RTFO Buyout 
Value, Double RTFCs for Biomethane) 
 
 
These figures again show that, when produced from wastes which attract a gate fee, biomethane 
would be financially more competitive than diesel, biodiesel or bioethanol (both derived from crop). 
Biomethane would be less expensive than natural gas, primarily because natural gas does not 
receive any subsidy under the RTFO. Again, this analysis assumes that the full buyout value for 
RTFCs will be achieved. 
 
Vehicle Fuel or Combined Heat and Power (CHP)? 
The most common use for biogas at present in the UK is the generation of renewable electricity and 
heat through a CHP plant with income derived via electricity sales and the value of Renewable 
Obligation Certificates (ROCs) with the alternative of Feed In Tariffs (FITs) and the Renewable 
Heat Incentive (RHI) currently being introduced. 
 
In order to investigate whether upgrading biogas for transport fuel use could compete with a CHP 
end use, two scenarios were developed based on potential options faced by the private sector when 
considering the feasibility of upgrading biogas derived from the anaerobic digestion of source 
segregated municipal food waste. Firstly (1) the provision of a waste collection service as well as 
treatment of the waste at an anaerobic digestion plant; and secondly (2) the provision of anaerobic 
treatment capacity only. For each of these two scenarios, the economic performance of either (a) 
upgrading biogas for direct use as a vehicle fuel, or (b) utilising biogas in a CHP plant to produce 
renewable electricity and heat was considered. Where the service provider operated their own 
vehicle fleet, biomethane was assumed to be consumed by this fleet, and where no fleet was 
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operated biomethane was assumed to be sold as a vehicle fuel at market rate. The scenarios 
considered are described in Table 2. 
 
Table 2. Scenario parameters and assumptions included in economic model 
 Scenario 1a Scenario 1b Scenario 2a Scenario 2b 
 Waste Collection 
(Biomethane Fuel) > 
AD > Biomethane 
Waste Collection 




AD > CHP 
Capital and Operating Costs 
Assumptions 
    
35,000 t/yr Digester (Source 
segregated food waste) cost 
excluding energy conversion 
    
Parasitic Electrical Use (10% of 
CHP electricity production)  
   
Parasitic Heat Use (30% of CHP 
heat production) 
    
1 MW CHP Plant and electricity grid 
connection cost  
   
56 No. 26t diesel fuelled refuse 
vehicles (López et al., 2009) on an 
urban work cycle (López et al., 
2009) 
    
Imported Parasitic Electricity to 
match above 
    
Imported heat energy to match above     
250 m3/hr Upgrading Plant  and 
biomethane refuelling station 
    
56 No. 26t biomethane fuelled refuse 
vehicles (Fravolini and Proietti, 
2009; López et al., 2009) on an 
urban work cycle (López et al., 
2009) 
    
     
Borrowing and revenue related 
financial Assumptions 
    
Interest rate on capital of 5% per 
annum 
    
Gate fee of £40 / t     
Waste Collection fee of £15 / t     
RTFC of £0.35 / kg of biomethane     
Biomethane attracts x2 RTFCs     
Feed In Tariff (FIT) of 9p / kWh 
with 3p / kWh export bonus  
   
Levy Exemption Certificate (LEC) 
Value of 0.441 p /kWh  
   
Heat Value of £20 / MWh     
No heat ROCs included     
 
 
The analysis indicated that the capital costs required to produce a biomethane transport fuel are 
around 19% higher than that for CHP, however, operational costs were around 26% lower largely 
due to the elimination of diesel use within the captive fleet through the use of biomethane. All of 
the biomethane generated within Scenario 1a is utilised by the fleet of CNG waste collection 






Figure 3. Estimated Payback Times of CHP and Biogas to Transport Fuel Scenarios (Given Assumed Post 2012 
Conditions) 
 
Figure 3 indicates that for scenarios 1a and 1b where collection and fleet costs are included the 
payback time of CHP (6 years with a 10 year IRR of 39%) is considerably more attractive than that 
for transport fuel (11 years with a 10 year IRR of 17%). The key difference between these two 
scenarios is the additional cost incurred to procure and maintain a fleet of biomethane fuelled refuse 
collection vehicles. This result is backed up by the performance of scenarios 2a and 2b where 
biomethane is sold directly to the consumer (or electricity to the grid) with no provision for vehicle 
purchase or maintenance. These indicate that the payback time for the manufacture and sale of 
biomethane as a transport fuel (4 years with a 10 year IRR of 63%) is comparable to that of the 
production and sale of renewable electricity and heat by CHP (3 years with a 10 year IRR of 81%). 
The results therefore suggest that the level of support assumed for the manufacture of biomethane 
(x1 RTFC, plus an equivalent RED/FQD bonus) is sufficient for biomethane production to compete 
with CHP. However, the additional costs associated with the purchase and maintenance of gas 
fuelled vehicles may prove prohibitive and as such consideration should be given to incentives to 




An assessment of the financial performance of biomethane production for transport fuel use 
suggests that it is at least as viable as liquid non-fossil fuels and CNG when it is produced from 
wastes with associated gate fees, given the current and anticipated regime of financial support. 
However, if financial subsidies are implemented that reflect the environmental benefits of 
biomethane (i.e. double allocation of RTFCs for fuels derived from wastes) then biomethane will be 
the more viable alternative post 2011-12, particularly if natural gas costs continue to increase as has 
been seen in recent years. One of the key assumptions in the assessments above is that RTFC’s 
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achieve their maximum value, as limited by the ‘buy out’ option, currently estimated to be around 
£0.35 / litre (or kg for gases) after 2010. 
 
The above analysis also indicates that the manufacture and sale of biomethane as a transport fuel 
can be financially competitive with the production of renewable electricity and heat using CHP, 
given the assumptions above. However, in the scenario presented the additional costs of purchasing 
and maintaining a fleet of biomethane fuelled vehicles meant that utilising biogas for CHP and a 
diesel fuelled refuse fleet remained the more favourable option. If the UK Government is 
committed to the utilisation of biomethane as a vehicle fuel, directing financial support towards the 
purchase of biomethane fuelled vehicles or conversion of existing fleets to biomethane would result 
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